In the presence of calcofluor white, budding scars and dividing cross-walls of Saccharomyces cereuisiae exhibited fluorescence, indicating that the brightener was a specific marker of fungal chitin. In addition, incubation of cells in the presence of the brightener did not stop protein and wall-polymer formation, but abnormal deposition of chitin occurred. Chitin synthesis was normal in regenerating protoplasts of Candida albicans in the presence of calcofluor, but formation of the crystalline lattice was blocked. These results suggest that crystallization of nascent subunits may occur by a self-assembly mechanism that was blocked by the stain.
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In the presence of calcofluor white, budding scars and dividing cross-walls of Saccharomyces cereuisiae exhibited fluorescence, indicating that the brightener was a specific marker of fungal chitin. In addition, incubation of cells in the presence of the brightener did not stop protein and wall-polymer formation, but abnormal deposition of chitin occurred. Chitin synthesis was normal in regenerating protoplasts of Candida albicans in the presence of calcofluor, but formation of the crystalline lattice was blocked. These results suggest that crystallization of nascent subunits may occur by a self-assembly mechanism that was blocked by the stain.
I N T R O D U C T I O N
Cell wall formation is the result of two processes : (i) synthesis and secretion of the polymers involved, and (ii) interaction and assembly of these polymers outside the cytoplasm to form the wall. If any of these processes is modified or blocked, changes in the spatial organization of the wall should be expected. Accordingly, a temperature-sensitive secretory mutant of Saccharomyces cerevisiae that accumulated intracellular precursor forms of exported proteins showed alteration in cell morphology (Novick et al., 198l) , while in those mutants defective in gene cdc24 an abnormal deposition of chitin (Sloat & Pringle, 1978) and mannan (Sloat et al., 1981) took place.
Less is known about the mechanisms involved in assembly of wall components once they have been released from the plasma membrane into the periplasmic space. A self-assembly mechanism of subunits by physicochemical interactions was suggested as a mechanism of pglucan crystallization (Eddy & Woodhead, 1968) , and chitin microfibrils have been obtained from isolated chitin synthase preparations (Duran & Cabib, 1978 ; Ruiz-Herrera et al., 1975) .
Calcofluor is a fluorescent brightener that has been used to whiten textiles and paper because of its ability to hydrogen-bond to cellulose. In addition, this compound has also been used in the topological location of cellulose (Haigler et al., 1980) and chitin (Herth, 1980) .
One of the key difficulties in a study of microfibril formation in intact cells is the presence of the pre-existing wall which masks the process. In order to overcome this difficulty, formation of fibrils may be examined in protoplasts, which offer a valuable experimental system for analysing fibril formation. In protoplasts, the interaction between nascent (fibrillar and matrix) wall polymers that takes place in growing cells is initially absent or lowered because of the release of matrix polymers into the surrounding medium.
In the present work, calcofluor white was used to localize chitin deposition and to disrupt microfibril formation in actively growing cells of S . cerevisiae and protoplasts of Candida albicans.
M . V . E L O R Z A , H . R I C O A N D R . S E N T A N D R E U M E T H O D S
Strains. The organisms used were Saccharomyces cereuisiae A364A (a adel ade2 ura his7 lys2 tyrl gall) obtained from L. H. Hartwell, University of Washington, Seattle, and Candida albicans ATCC 26555.
Saccharomyces cerevisiae was maintained on slants of medium Y M -1 and cells propagated in liquid YM-1 medium (Elorza et al., 1976) . Candida albicans was maintained on slants of Sabouraud-dextrose agar and propagated in the medium of Lee et al. (1975) .
Preparation ofprotoplasts. Protoplasts were obtained by treatment with Zymolyase (2 mg ml-' ; Kirin Breweries Co., Takasaki, Japan) in 0.6 M-KCl after pretreatment in 50 mxl-dithiothreitol, 5 mM-EDTA and 0.5 mg pronase ml-I for 30 min at 30 "C. Regeneration of protoplasts was carried out in the medium of Lee et al. (1975) supplemented with 0.6 M-KCl as an osmotic stabilizer. In some experiments, regeneration of protoplasts was carried out in the presence of 50pg calcofluor white M 2 R (American Cyanamid Co., Bound Brook, U.S.A.) ml-*. Concentrations of proteins and wall polymers were determined as previously described (Elorza et af., 1976) .
Fluorescence microscopy. Cells were resuspended in 50 pg calcofluor (ml distilled water)-' (protoplasts in 0.6 M KCl) and, after 5 min treatment, excess brightener was removed by centrifugation. The cells were observed in a photomicroscope Zeiss 111 equipped with the UV filter no. 487702 (excitation line 365/366 nm).
Electron microscopy. Material for electron microscopy was placed on grids coated with Formvar films. After air drying, the specimen was stained with 1 % (w/v) sodium phosphotungstate and examined in a Jeol 100s microscope.
R E S U L T S
Microscopic observation of S . cerevisiae and C. albicans with calcojluor When actively growing cells of S . cerevisiae and blastospores of C. albicans were observed in the presence of calcofluor with a UV microscope, fluorescence was located mainly in the birth and bud scars and in the cross-wall between mother and bud cells. (Fig. la) . But, if actively growing cultures were supplemented with brightener, an increasing deposition of fluorescing material was detected at specific areas in isolated cells (Fig. 1 b, d ) and at the neck between bud and mother cells (Fig. 1 c) . In some preparations, the brightener was found only in the mother cell, in others in both mother and bud cells. In the former, the buds probably were not physiologically independent of the mother cell. The regions of fluorescence in isolated cells may indicate the location where new buds were about to be formed, but the process had been inhibited by the brightener.
When C. albicans growing in a mycelial form was observed in the presence of calcofluor, the brightener was mainly found in the cross-wall and also in the apical areas where hyphal extension took place. (Fig. l e ) . If the hyphae were growing in the presence of calcofluor, a gradually enlarging area of fluorescence corresponding to the cross-wall appeared on incubation, showing that an altered pattern of deposition of calcofluor-absorbing material took place in mycelial cells ( Fig. If; g) .
E@ect of calcojluor on protein synthesis and on the formation of structural components of the wall
The effect of the brightener on synthesis of protein and structural polymers of the wall was dependent on its concentration in the culture medium. No effect was detected at 50 pg ml-l, but protein synthesis was partially inhibited at higher concentrations. In the presence of 500pgmlk1, a marked decrease in formation of structural (glucan + chitin) polymers was detected in S. cerevisiae (40%) and C. albicans (80%) (data not shown). Similar results were obtained when protoplasts were used instead of cells.
Microscopic observations of regenerating protoplasts after treatment with calcojluor
Synthesis and deposition of structural components by protoplasts were followed either in the presence or absence of calcofluor in the regeneration medium. The initial step in regeneration of C. albicans protoplasts was the formation of a layer of microfibrillar components. This was deduced from the fact that naked protoplasts were initially unable to absorb the brightener (they did not show fluorescence after the addition of calcofluor; Fig. 2a) . Formation of abnormal tubes or hyphae was followed by either a chain of normal budding cells or irregular polymorphic structures. These were the two main routes for regenerating protoplasts. It is important to Calcofluor (50pgml-') was added to the incubation medium at time zero emphasize that the fluorescence was more intense at the point of the hyphal emergence and in other specific locations, suggesting that polarization of chitin formation also occurs in reverting protoplasts (Fig. 2b, c, d ) . When the regeneration process was studied in protoplasts incubated in the presence of calcofluor, formation of absorbing polymers took place. Initially, small areas developed on the plasma membrane showing fluorescence (Fig. 2e) . These areas increased in size gradually and fluorescence was finally found uniformly distributed all over the protoplasts' surface. Reversion of protoplasts in the presence of calcofluor resulted in localized regions showing fluorescence while, in the absence of calcofluor, fluorescence was evenly distributed. The brightener was also found at some distance from the protoplast, appearing as a halo of calcofluor-absorbing material surrounding the protoplast and the abnormal structures formed during the incubation period (Fig. 2.L g , h) .
When incubation of protoplasts was carried out in the absence of calcofluor, a mesh of ribbons covered their surface (Fig. 3a) , which seemed to have been built by parallel arrays of microfibrils. However, if incubation of protoplasts was carried out in the presence of calcofluor, the ribbon assembly seemed to have been disturbed (Fig. 3b) and single fibrils or aggregates of a few fibrils were observed at higher magnification, indicating a low degree of crystallinity (Fig.  3 c) .
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DISCUSSION
Calcofluor and other fluorescent brighteners bind to 8-linked fibrillar polymers such as cellulose and chitin (Maeda & Ishida, 1967) . These compounds have therefore been used as vital stains in localization of both cellulose (Haigler et al., 1980) and chitin (Herth, 1980; Peberdy & Buckley, 1973) .
The specificity of calcofluor in binding to yeast chitin was deduced from the following facts : (i) accumulation of fluorescence took place in S . cereuisiae almost exclusively at the birth and bud scars and in the cross-wall that separates dividing cells; and (ii) protoplasts did not show fluorescence when incubated under conditions such that formation of 8-glucan occurred, but protein and chitin synthesis were blocked, as in the presence of cycloheximide (unpublished observations). These results indicate that calcofluor may be used as a specific chitin stain in yeast to obtain information on mechanisms of formation and assembly of wall polymers.
When yeast cells were grown in the presence of calcofluor, the cell cycle did not progress and the cells apparently continued to accumulate larger amounts of chitin. Accumulated chitin present at the neck of dividing cells probably corresponded to the location where a disc of chitin is formed before physical separation of the daughter cells occurs (Cabib et al., 1974) . In the presence of calcofluor, both formation of the chitin ring and disc were disturbed, and the morphogenetic process halted.
A clearer picture of the calcofluor effect on wall formation may be deduced from the observation of C. albicans protoplasts incubated in the presence of the brightener both with optical and electron microscopes. Initiation of the process took place with the appearance of chitin-synthesizing areas on the protoplast surface; these areas enlarged until confluence occurred with continued incubation. This process finally gave rise to cell-like structures and aberrant tubes covered by a halo. These abnormal structures seemed to be formed by arrays of chitin fibrils with a decreased degree of crystallinity.
The mechanism(s) of fibril formation in the yeast wall is unknown, but two hypotheses have been proposed : (i) the 'intermediate high-polymer' hypothesis (Colvin, 1964) suggests that the microfibrillar lattice of wall polymers is the result of a two-step process involving polymerization of monomers followed by assembly of the polymers to give rise to microfibrils; (ii) the 'endsynthesis' hypothesis proposes that polymerization and crystallization are simultaneous events carried out by an enzymic complex localized in the cell membrane.
Our results suggest that calcofluor did not block synthesis of chitin, but probably inhibited formation of the crystalline lattice by competing for the hydrogen-bonding sites in the nascent polymer. In this situation, the chitin chains may assume a random disposition giving rise to a halo-like structure that covers the surface of the protoplasts. A similar effect of calcofluor has been suggested in formation of cellulose by Acetobacter xylinurn (Haigler et al., 1980) and chitin by Poterioochromonas stlpitata (Herth, 1980) . We postulate that chitin subunits are polymerized by an enzymic system localized in the plasmalemma (Durhn & Cabib, 1978 ) associated spontaneously and progressively by formation of hydrogen bonds to give rise to nascent microfibrils. We cannot rule out the possibility that the process of fibril formation might take place with the participation of a 'zippering enzyme' that would be inhibited by the brightener, although this enzyme has never been found in other fungal or plant systems.
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